Iron containing anti-tumoral agents: unexpected apoptosis-inducing activity of a ferrocene amino acid derivative.
Due to the severe problems accompanied with multiple drug resistance (MDR), agents that can induce apoptosis independently of death-suppressing proteins are required. Here, we show that the ferrocene derivative HUNI 068 is active against cancer cells and overcomes different mechanisms of multiple drug resistance (MDR). Proliferation inhibition was determined by using a CASY(®)CellCounter. DNA fragmentation assay and annexin-V/PI binding assays measured apoptosis, and necrosis was excluded by LDH-release assay. Drug-resistant cell lines were generated to test the ability to overcome MDR. By real-time PCR, alterations in gene expression of treated cells were analyzed. The apoptosis pathway was investigated by immunoblotting and measurement of mitochondrial membrane permeability transition. HUNI 068 leads to proliferation inhibition and apoptosis mediation, but only minimal necrosis induction. Healthy leukocytes seem to be less affected than cancer cells. The compound overcomes drug resistance to vincristine and daunorubicin. Independence of p-glycoprotein and Bcl-2 overexpression is probable, and upregulation of the anti-Bcl-2 protein harakiri was seen. Combined treatment with vincristine leads to synergistic effects. In different primary tumor cells, HUNI 068 achieved acceptable effects where tolerance to some conventional drugs was shown. Induction of apoptosis is FADD-independent, but associated with a reduced mitochondrial membrane potential and activation of caspase-9, indicating the intrinsic apoptosis pathway via mitochondria. HUNI 068 is a promising new compound with activity even against MDR tumor cells. Further investigations into the class of ferrocene-derived agents might reveal compounds with improved activity for a more specific and safe anti-cancer therapy.